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ABSTRACT

Articulated human body modeling and tracking from vision
data is an attractive research area with many potential
applications. There has been a tremendous amount of
related research works in this area. Therefore, having a
comprehensive insight into high quality existing works and
awareness of the research frontier in the area is essential for
follow-up research studies. With that objective, this paper
provides a review of the subarea of model based methods
for human body modeling and tracking using volumetric
(voxel) data. We will focus on analyzing and comparing
some recent techniques, especially which are in the past two
years, in order to highlight trends in the domain as well as to
point out limitations of the current state of the art. Based on
this analysis, we will discuss our idea of combining
Laplacian Eigenspace (LE) based voxel segmentation [20]
and Kinematically Constrained Gaussian Mixture Model
(KC-GMM) method [3] to have a more powerful human
body pose estimation system as well as discuss other
possibilities for future work.
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1. INTRODUCTION

Vision-based pose estimation and tracking of articulated
human body is the problem of estimating kinematic
parameters of the body model (such as joints position and
joints angle) from static image or video sequence as the
body's position and configuration change over time. Related
research studies in this area include body pose estimation,
hand pose estimation, head pose estimation. Among those,
the most extensive subfield is body pose estimation, which
refers to the articulated body model normally with torso,
head, and 4 limbs but without details of hand, foot, or facial
variation. A good body pose estimation system has many
potential applications including advance Human Computer
Interaction (HCI), 3D animation, intelligent environment,
robot control, etc. Compared to previous technologies using

978-1-4244-2665-2/08/$25.00 ©2008 IEEE

markers or some specific devices, markerless vision-based
approaches provide more natural, non-contact solutions.
This is however a very challenging task. One major reason
is the very high dimensionality of the pose configuration
space, e.g. in [3], 19 DOF (Degree Of Freedom) are used
for body model and 27 DOF are used for hand model.
Moreover, we also have to deal with other common issues
in computer vision like self occlusion, variation in lighting
condition, shadow, object appearance (e.g. different clothes,
hair, ... ).

Some surveys of several techniques for human body
pose estimation can be found in [14, 15, 17, 23], each with
different focus and taxonomy. Werghi [23] provided a
general overview of both 3D human body scanner
technologies and approaches dealing with such scanned
data, which focus on one or more of the following topics:
body landmark detection, body scanned data segmentation,
body modeling, body tracking. Poppe [17] surveys on pose
estimation techniques, in which they mentioned the division
into 2D approaches and 3D approaches, depends on the
goal to achieve 2D pose or 3D pose representation; The
division into model-based approaches and model-free
approaches, depends on whether a priori kinematic body
model is employed. This survey split the pose estimation
process into modeling process, which is the construction of
the likelihood function and estimation process, which is
concerned with finding the optimal pose given the
likelihood. Moeslund et al. [14] split the pose estimation
process into initialization, tracking, pose estimation, and
recognition. In [15], they also provided an updated review
of advances in human motion capture for the period from
2000 to 2006.

We see that it is not easy to have a unified taxonomy of
the broad area of human body modeling and tracking. In
Figure 1, we describe a simple block diagram of generic
human body pose estimation system, in which we first need
some components to extract useful features from input
vision data and then a procedure to infer body pose from
extracted features. We can loosely categorize related
research studies into monocular [9, 12, 18] and multi-view
approaches [1, 2, 3, 4, 5, 6, 10, 11, 13, 16, 20]. Compare to
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